Racial disparities persist in access to renal transplantation in the United States, but the degree to which patient and neighborhood socioeconomic status (SES) impacts racial disparities in deceased donor renal transplantation access has not been examined in the pediatric and adolescent end-stage renal disease (ESRD) population. We examined the interplay of race and SES in a populationbased cohort of all incident pediatric ESRD patients <21 years from the United States Renal Data System from 2000 to 2008, followed through September 2009. Of 8 452 patients included, 30.8%were black, 27.6% white-Hispanic, 44.3% female and 28.0% lived in poor neighborhoods. A total of 63.4% of the study population was placed on the waiting list and 32.5% received a deceased donor transplant. Racial disparities persisted in transplant even after adjustment for SES, where minorities were less likely to receive a transplant compared to whites, and this disparity was more pronounced among patients 18-20 years. Disparities in access to the waiting list were mitigated in Hispanic patients with private health insurance. Our study suggests that racial disparities in transplant access worsen as pediatric patients transition into young adulthood, and that SES does not explain all of the racial differences in access to kidney transplantation.
Introduction
Kidney transplantation is the optimal treatment for end-stage renal disease (ESRD) patients and is associated with increased quality of life and reduced morbidity and mortality compared to dialysis (1) . However, the current demand for organs is higher than the supply (2) . Despite a nationally regulated system for organ allocation, racial disparities exist in various stages of the renal transplant process in the United States, including referral, evaluation, waitlisting and organ receipt (3) (4) (5) .
Most studies examining racial disparities in access to deceased donor kidney transplantation have focused on adults, but the few that have examined the pediatric ESRD population have identified similar disparities (6, 7) . Furth et al. examined racial differences in access to the waiting list among incident pediatric ESRD patients 1988-1996, finding that black patients were 12% less likely to waitlist than whites. Previous research suggests that these disparities are not entirely explained by clinical factors (8) (9) (10) , and that socioeconomic variations may contribute to racial differences (11) . Among adults, reduced access to renal transplant has been reported among minority patients living in high poverty neighborhoods (12) (13) (14) , those with public insurance and lower educational attainment (15) .
The degree to which individual and neighborhood-level socioeconomic factors might contribute to racial disparities observed in access to both waitlisting and deceased donor renal transplantation has not been well described among the national pediatric ESRD population. It has been well documented that adolescents and young adults have an increased risk of graft failure, with black adolescents identified as a particularly high risk group (2, 16) . The purpose of this study was to determine whether racial differences exist in access to transplant in a national pediatric ESRD cohort and to investigate how these disparities are influenced by socioeconomic status (SES). We considered incident ESRD patients until the age of 21 years because we hypothesized that racial differences in access to the waiting list and transplantation might differ in this particular age subset compared with younger pediatric ESRD patients, not only due to the influence of allocation policies but also perhaps in consideration of practice variation in the provider decision-making process.
Materials and Methods

Study population and data sources
Incident, pediatric (age < 21 years) ESRD patients who entered the Medicare ESRD program between January 2000 through September 2008, followed through September 2009, from United States Renal Data System (USRDS)were included in this analysis (2) . Demographic data were obtained from the Centers for Medicare and Medicaid Services (CMS) Form-2728, completed on all incident ESRD patients. Follow-up data on waitlisting and deceased donor transplant were obtained from United Network for Organ Sharing (UNOS) files. Data on neighborhood poverty were obtained from Census 2000.
There were 11 458 incident ESRD patients < 21 years who entered the ESRD program from 2000 through September 2008. Patients were excluded if they were missing residential zip code (n = 595), received a previous renal transplant (n = 601), or their race/ethnicity was reported as other than black, white Hispanic, or white non-Hispanic (n = 999). Patients transplanted with living donor transplants without prior dialysis or waitlisting (i.e. preemptively transplanted) were excluded (n = 811). A total of 8452 pediatric ESRD patients were included in the final study population.
Study variables
The primary outcome was time (in days) from ESRD start to receipt of deceased donor renal transplant. We further examined two distinct steps: (1) time from ESRD start to waitlisting and (2) time from waitlisting to transplant. A total of 845 patients were placed on the waiting list before initiating dialysis and were defined as preemptively waitlisted; these patients were included in analyses and their time to waitlisting was counted as one day. For all time to event analyses, patients were censored at death, living donor transplant or end of study (September 30, 2009 ).
The primary exposure variable was CMS 2728-reported race/ethnicity, defined as non-Hispanic white (white), white-Hispanic (Hispanic) or non-Hispanic black (black). We defined SES using two variables: health insurance reported on the CMS 2728 form as a proxy for individual SES and residential zip code-level poverty at the time of ESRD start as a proxy for neighborhood SES. Health insurance was categorized as private (employer), public (Medicaid, Medicare, Veterans Affairs or combination), other or none. Neighborhood poverty was estimated as the proportion of individuals residing below the federal poverty level within a five-digit zip code.
Demographic and clinical covariates obtained from the CMS 2728 form included patient age (years), sex, organ procurement region (1-11), etiology of ESRD (glomerulonephritis, secondary glomerulonephritis, cystic/hereditary disease or other), BMI >85th percentile and clinical variables, including predialysis erythropoiesis-stimulating agent (ESA) use (yes/no), hemoglobin (<11 g/dL vs. ≥ 11 g/dL) and serum albumin (<3.5 g/dL vs. ≥ 3.5 g/dL).
For waitlisted patients, blood type (A, B, AB, or O) and peak panel reactive antibody (PPRA) (0, 1-19.9% and ≥ 20%) were obtained from UNOS. Because the UNOS 'Share 35' policy was enacted on September 28, 2005 to prioritize allocation of young (<35 years) deceased donor organs to patients less than 18 years, we categorized our cohort into two eras: pre-share 35 versus share 35 era. We examined whether a patient was inactive (yes/no) on the waiting list using UNOS status codes "4099" (temporarily inactive) and "4999" (old temporarily inactive).
Data analysis
Chi-square tests and t-tests (or nonparametric equivalents of the t-test) were used to compare demographic and clinical characteristics by race. To examine whether racial differences exist in transplant access, we examined each step using Kaplan-Meier methods and by fitting separate Cox proportional hazards regression models to obtain cause-specific hazard ratios (HR) and corresponding 95% confidence intervals (CI) for deceased donor transplant. Pediatric (age 0-17) and young adult (18) (19) (20) ESRD patients were analyzed separately in multivariable analyses due to the preferential allocation of patients <18 years under current kidney allocation policies.
To assess whether racial disparities varied across SES for waitlisting and deceased donor transplant outcomes, we examined interactions between race, health insurance and neighborhood poverty in adjusted Cox models using the likelihood ratio test to assess statistical significance (17) . To determine whether SES explained the impact of race on kidney transplant waitlisting and organ receipt, we examined the effect of sequentially adjusting for patient and demographic factors then SES factors in Cox models. If interaction was not detected, pooled hazard ratios were calculated. For all Cox models, both patientand zip-code level variables were considered as potential confounders. We evaluated confounding by comparing meaningful changes in point estimates from a full model containing all a priori covariates to all other potential models (18, 19) , and by examining directed acyclic graphs (20) . We used the robust sandwich variance estimator using zip code as the cluster variable to examine neighborhood poverty and individual level covariates simultaneously while accounting for potential correlation of patients within neighborhoods (21) . In multivariable analyses, we used the Markov Chain Monte Carlo method for multiple imputation methods for missing covariate information.
Sensitivity analyses
We included living donor transplant recipients in our main analyses and censored patients at the time of organ receipt. However, because death and living donor transplantation may preclude a patient from waitlisting or transplantation, we explored the effect of living donor transplant in several ways. We used competing risk Cox proportional hazards models to calculate cause-specific hazard ratios for living donor transplant and death (22) . We also examined the effect of excluding all living donor transplant recipients from analyses and considering both living and deceased donor transplants as events of interest.
To assess whether inactive waitlisting influenced access to deceased donor transplantation, we excluded patients who were listed inactive at any given time (n = 916). Finally, we examined the impact of excluding patients with "other" health insurance (n = 1 199) since this group is a potentially heterogenous group of insured patients. Two-tailed p-values <0.05 were considered statistically significant. All analyses were performed with SAS software version 9.2. The Emory University Institutional Review Board approved this study.
Results
Study population
Among the 8452 pediatric (<21 years) incident ESRD patients included in this study, the mean age was 13.4 ± 6.2 years, 41.7% were white, 27.6% were Hispanic, 30.8% were black, 44.7% had public insurance and 28.0% lived in impoverished communities (Table 1 ). Racial differences in baseline clinical and demographic factors were evident. Minorities were significantly older compared to whites and less likely to receive ESAs prior to dialysis. Compared to whites, Hispanics and blacks were more likely to have public or no health insurance. Similarly, minorities had a fourfold higher likelihood of living in poor neighborhoods (p < 0.0001 for all comparisons) ( Table 1 ). The distribution of neighborhood poverty was similar among patients aged 0-17 and 18-20, but patients aged 18-20 were significantly more likely to be uninsured (20.9% of whites, 33.8% of Hispanics and 25.4% of blacks) than patients aged 0-17 (3.5% of whites, 13.0% of Hispanics and 4.2% of blacks) (data not shown). Waitlisted patients differed demographically and clinically by race. A greater proportion of blacks were older, had higher BMI at listing, PPRA ≥ 20% and B blood group compared to whites ( Table 2) . Among transplanted patients, blacks were older and more likely to have B blood type, public health insurance and to live in the most impoverished neighborhoods compared to whites. Similar SES differences were noted among Hispanics compared to whites (Table 3) .
Overall time from ESRD start to deceased donor transplantation
Overall, 2747 (32.5%) patients received a deceased donor transplant with a median time to transplant of 596 days (interquartile range [IQR] = 272, 984). Table 4 shows the effect of minority race on time to deceased donor transplant by age group. We found no significant interaction between race and individual-level SES or neighborhood-level SES in transplant access (likelihood ratio p > 0.05 for all comparisons). In multivariable-adjusted models, the rate of transplantation was lower among Hispanic and black patients compared to whites. Disparities were greatest among patients 18-20 years of age, where blacks had a 40% lower rate (HR = 0.60; 95% CI: 0.48-0.75) and Hispanics a 38% lower rate (HR = 0.62; 95% CI: 0.48-0.79) of transplant compared to whites. The effect of sequentially adjusting for SES on transplantation had little effect on the adjusted hazard ratios ( Table 4 , steps 1 and 2, models 1-3).
Step 1: Time from ESRD to waitlisting-A total of 5356 (63.4%) patients were placed on the deceased donor waiting list throughout the study period, with the median time from ESRD start to listing of 233.5 days (IQR = 72, 516). In crude analyses, black patients 0-17 years had equivalent access (HR = 0.94, 95% CI: 0.85-1.02) but blacks 18-20 years (HR = 0.72; 95% CI; 0.65-0.81) had reduced access to the waiting list compared to whites (Table  4 , step 1, model 1; Figure 1 , Panel A-B). Adjusting for SES did not meaningfully change these effects (Table 4 ; model 3). Among Hispanics, however, the relationship between race and waitlisting was modified by health insurance for Hispanic versus white patients (p < 0.0001; Figure 2 ). Compared to whites with the same type of insurance, Hispanics with private or public health insurance had nearly equal access to waitlisting, but Hispanic patients with no insurance had a lower rate of waitlisting, both for patients aged 0-17 (HR = 0.57; 95% CI: 0.40-0.82) and patients aged 18-20 (HR = 0.70; 95% CI: 0.53-0.92) ( Figure  2 ).
Step 2: Time from waitlisting to deceased donor transplant-Among waitlisted patients, 51.3% received a deceased donor transplant with a median time from listing to transplant of 293 days (IQR = 98, 592). In crude analyses, a lower rate of deceased donor transplantation was observed among black and Hispanic patients (Figure 1 , panels C and D). Once a patient was placed on the waiting list, the effect of race on receipt of a deceased donor transplant was not modified by individual or neighborhood SES (p > 0.05) among either race/ethnicities or age groups. After adjusting for demographic, clinical and socioeconomic characteristics, the racial disparity in access to deceased donor transplant among pediatric patients aged 0-17 was attenuated for blacks (HR = 0.89; 95% CI: 0.80-0.99) and eliminated among Hispanics (HR = 0.97; 95% CI: 0.86-1.08). Among patients aged 18-20, racial disparities were more pronounced, with the rate of transplant 39% lower among black (HR = 0.61; 95% CI: 0.49-0.76) and 34% lower among Hispanic (HR = 0.66; 95% CI: 0.51-0.86) versus white patients (Table 4 , step 2, model 3). The effect of sequentially adjusting for SES was not different than the effect observed when adjusting for demographic and clinical characteristics only.
Sensitivity analyses
Throughout the study period, 2336 patients (27.6%) were censored due to living donor transplant and 1066 (12.6%) due to death. Minorities received a relatively higher fraction of deceased donor organs than white patients, primarily due to the high proportion of white patients censored for living donor transplantation (59.9% white, 23.4% Hispanic and 16.7% black living donor recipients). In multivariable analyses exploring the cause-specific HR for the effect of race on competing risks of living donor transplant and death, racial disparities were observed in access to living donor transplant, such that blacks were 69% less likely (HR = 0.31; 95% CI: 0.27-0.34) and Hispanics 53% less likely (HR = 0.47; 95% CI: 0.43-0.52) to receive a living donor transplant at any given time compared to whites. Similarly, excluding patients who eventually received living donor transplants (n = 2336) or including living donor transplant as an event of interest resulted in larger racial differences than the main study results (results not shown). No racial differences were observed in mortality among blacks (vs. whites), and Hispanics were 46% less likely to die compared to whites at any given time (HR = 0.54; 95% CI: 0.44-0.65).
Finally, excluding patients (1) who were inactive on the waiting list at any given time during follow up slightly overestimated racial disparities and (2) with "other" health insurance resulted in more pronounced racial disparities for blacks and similar effects among Hispanics, where blacks aged 0-17 had a 15% lower rate, blacks aged 18-20 a 48% lower rate, Hispanics aged 0-17 an 11% lower rate and Hispanics aged 18-20 a 49% lower rate of transplant compared to whites.
Discussion
In this national registry of pediatric ESRD patients, significant racial disparities in access to renal transplantation exist. Compared to white patients, the rate of deceased donor transplantation at any given time was lower among blacks and Hispanics, and disparities were magnified among older pediatric patients. The relationship between race and waitlisting varied by health insurance coverage for Hispanics, such that among uninsured patients, Hispanics were less likely to waitlist at any given time compared to whites. In contrast, racial disparities in waitlisting were diminished among Hispanic patients with private or public insurance. However, once patients were waitlisted, racial disparities persisted across all levels of health insurance for both black and Hispanic patients. Results of this study suggest that racial disparities that are unexplained by clinical factors or SES still exist in pediatric renal transplant access once patients are placed on the deceased donor waiting list, and that racial disparities increase as adolescents transition into young adulthood.
Several studies among adult ESRD patients have documented that the degree of disparity in transplant access is associated with lower SES (12) (13) (14) 23, 24) . Similar disparities in access to waitlisting have been previously documented among the pediatric ESRD population. The disparity we observed among black patients with low SES is remarkably similar to what Furth et al. reported in the national pediatric ESRD population more than a decade ago, that black pediatric ESRD patients were 12% less likely to waitlist compared to whites (6) .
We found that racial disparities in transplant access increase from pediatric ESRD into early adulthood. The reasons why these disparities increase from pediatrics to young adults are not entirely clear but are likely multifactorial. Clearly the change in allocation benefit at the age of 18 impacts the rate of transplantation, but it is unclear why this impacts racial groups differentially. Patient nonadherence with therapy may be one potential explanation. The risk of nonadherence is particularly high among adolescents, and is higher among patients who are responsible for their own medications compared with those who maintain parental oversight (25) and is more prevalent among black versus white patients (26) . In a survey of nephrologists, nonadherence was associated with a lower odds of referral for renal transplant in children and adolescents and this effect was more pronounced among blacks (27) . The time of transition from the pediatric to adult healthcare provider is also a period of increased risk for graft failure. While we do not have data on whether patients were cared for by pediatric versus adult providers or transitioned in this age group, certainly transfer of care at the time of ESRD could be problematic and potentially delay transplant evaluation. Physician racial bias may also play a role in that physicians have been reported as less likely to recognize the survival benefit of transplant for black (vs. white) patients (28) and this may be a more prevalent concept in the adult care setting where morbidity and mortality risks for the overall ESRD population are higher compared with pediatric ESRD. Patients' personal and socioecultural preferences for transplant also may play a role (29) . Finally, social networks may influence health behaviors and outcomes (30, 31) ; it is possible that, in our study, minority patients with lower SES and less likelihood of a living donor transplant had limited social support networks.
Our observations that racial disparities in access to the waiting list exist among Hispanics with no health insurance, but are not apparent among those with public or private insurance raise the possibility that racial disparities prior to accessing the deceased donor waiting list may be reduced if Hispanics with chronic kidney disease had improved access to care prior to ESRD. Among adults, a growing body of literature has linked delayed referral for pre-ESRD care with worse patient outcomes, including increased risk of mortality (32, 33) , hospitalization (33, 34) and decreased access to renal transplantation (35, 36) . In addition, both low SES and minority race have been linked with inadequate pre-ESRD care (37) (38) (39) . In pediatric ESRD, minority race and lack of health insurance are both associated with late start of dialysis and decreased access to specialty care (40) . In our study, minorities were less likely to have health insurance at the start of dialysis and receive predialysis ESA, suggesting delayed referral for nephrology care. While USRDS started recording receipt of pre-ESRD nephrology care in 2005, the majority (62%) of patients in our study initiated dialysis prior to this. Among patients who initiated dialysis in the 2005-2008 era, significant racial differences in pre-ESRD care were observed, with 68.7% of whites, 63.3% of blacks and 53.2% of Hispanics reporting pre-ESRD care. Additional follow-up of this pediatric cohort is needed to confirm these racial differences.
SES appears to explain a modest proportion of the racial disparities observed in access to deceased donor transplantation among adults. Hall et al. reported that adjustment for health insurance coverage and zip code poverty accounted for 18% of the reduced rate of transplant among blacks and 14% of the reduced transplant rate among Hispanics. Once on the waiting list, however, health insurance and zip code poverty accounted for little if any of the racial disparities, indicating that SES influences the earlier step of access to the waiting list, but may not play a significant role after waitlisting (23) . Similarly, in our study, despite lower SES among minorities, neither SES, clinical, nor laboratory measures explained the racial differences in transplant access once patients were placed on the waiting list. Further, adjusting for SES did not reduce the observed racial differences, and no interaction was detected across groups of SES, suggesting that racial disparities are consistent across all levels of SES once patients are listed.
The limitations to our observations should be noted. We were unable to account for patient health status at the time of waitlisting and/or transplant, and comorbid factors could have changed over time. We used zip-code level data to proxy neighborhood SES, but censustract level analyses would have yielded more robust and sensitive results (41) . Our proxy measure for individual SES, health insurance, likely does not completely capture a patient's SES.
The data used in this study are from a national, population-based registry that is virtually 100% complete. The potential for misclassification of waitlisting and transplantation is small. Previous studies had limited power to report associations between transplant access for the Hispanic pediatric ESRD population, despite their high ESRD rate versus whites (2, 42) . To our knowledge, this is the first national study to examine racial disparities in access to both waitlisting and transplant receipt among the pediatric population, and the first to study how both individual-and neighborhood-level SES effect racial disparities in access to renal transplant. Consistent with reports from more than a decade ago, racial disparities in access to renal transplantation are evident among children with ESRD, but remain poorly understood. The racial disparities in transplant access worsen as children progress through adolescence and young adulthood, where black ESRD patients 18-20 years of age have a 40% lower rate and Hispanics a 38% lower rate of deceased donor transplantation compared to whites. The disparity observed in access to waitlisting among Hispanics was eliminated with private health insurance, but once waitlisted, SES did not explain racial disparities in access to transplant. These findings deserve further exploration to identify the causes for continued racial disparities in access to renal transplantation for young ESRD patients.
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